INTRODUCTION
A previous communication (1.) described the functions and operation of a GLC device for cigarette smoke analysis. The present paper describes the use of a computer for measurement of the amounts of smoke constituents separated in this way/ and reports some of the results obtained. The Fraction Trapping and Transfer Device (FTTD)/ Fig. 1 ./ produces a two-stage separation of the smoke "semi-volatiles" mixture. A series of fractions trapped from the separation on the first column are further separated on a secondary column/ of different polarity/ and it is this secondary separation on which the measurements must be made. Repeated primary runs/ with choice of different fractions from each primary separation/ permit the 1/ semi-volatiles" sample to be divided into up to 30 defined fractions. These yield an average of 2 5 peaks each on the second column: thus a large number of peak area measurements are required for each smoke analysis. Manual methods were not considered to be suitable/ in view of the number of peak area measurements involved (up to 350/day). The use of an electronic integrator was a possible solution, but the limitations of these instruments in peak sensing and baseline drift correction (2), Figure 1 .
The FTTD system.
GLC (1) is shown on the right, the FTTD in the centre, GLC (2) and the digitiser on the left.
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and also the necessity of further calculations on the area measurements, indicated the use of computer pro-· cessing as a more suitable method. · There have been many reports of the use of computers for GLC measurements in the last few years/ the systems described being of two main types: for on-line/ and off-line application. An on-line computer is usually used where large numbers of short analyses are being done/ and the results are required immediately, e. g. for process control purposes (3). For research analyses of the type being considered here, the requirement of speed is less important, and an on-line system is not necessary. Use of an off-line system has the advantage, in this case/ that the GLC data can be recorded in a suitable form as it is produced, and computer time can be used subsequently, as required, to process the data. In this way, the computer costs can be reduced to a minimum. The system to be described records GLC data in digital form on punched paper tape; results are obtained by a computer from each analysis tape, using a program developed for this work, the computer time being pt.lrchased as required from a Computer Bureau.
DATA CONVERSION
The analogue voltage output of the chromatograph must be converted to digital form before it can be processed by the computer. Of the various methods available for doing this, it was decided that shaft encoding (4)/ although involving less initial cost than other methods, had the disadvantages that recorder error· s were superimposed on the data/ and that off-scale peaks on the recorder could not be measured, thus requiring an automatic attenuator. The use of a data logger of the digital voltmeter type (4, 5) was also rejected/ because of the very short sampling intervals used. Individual voltage samples can be seriously affected by electrical noise/ and as the computer has to reconstruct the GLC data by fitting a curve through the digital sample values, filtering or smoothing is normally required before this can be done. The best system appeared to be that described by ] ohnson ( 6) , in which an integrating digitiser is used. This samples the output of the chromatograph at regular time intervals and integrates the output voltage against time throughout the interval period. At the end of each interval, the counters are rapidly reset to zero, and another integral count is immediately started. The numbers built up in this way are recorded in turn on a computer-compatible medium: ]ohnson used magnetic tape, but we use 7-hole paper tape, on which the data is punched as coded 5-digit values. Any changes in the voltage output of the chromatograph are thus translated into changes in value of the numbers punched. This system has the advantage that the time intervals used can be considerably longer than the cycle time of most electrical noise, and any noise pulses will thus be averaged out, and will not affect the data. Also, the digital output contains virtually all of the GLC information as area vs. time, and no curve reconstruction is required of the computer i all that has to be done is to find the correct parts of the data to be assigned to each peak area. The digitiser used is the Infotronics CRS-30, working in conjunction with an Addo 5 tape punch. The digitiser is connected to the output of the FTTD secondary chromatograph, and a separate recorder output is provided from the CRS-30, to avoid recorder impedance variations affecting the chromatograph output. GLC-computer system diogrom .
•
Computer

processing
The sampling period normally used is 2 seconds, which g\ves approx. 5-:15 digitisations per peak, with the secondary chromatograms obtained on the :10' X 1/s" packed column. This has been found to allow adequate resolution of inflection points by the computer. The period can be set between 4 seconds and the maximum punching rate of the Addo 5 (about :1/second). Increased rates, down to 0.3 sec/interval, can be obtained using a faster punch. The count rate of the CRS-30 is 2ooo/mV, so that using the 5 m V output of the PV 40:18 chromatograph, full scale deflection is equivalent to a count of :1o,ooo per digitisation period. The resolution is ± :1 count in 99,999, i. e. o.oo:1 °/o FSD. As the linear input range of the digitiser is o-5omV, it would be capable of accepting any off-scale peaks up to :10 x· FSD: this is, however, beyond the saturation limit of the chromatograph amplifier, and tests have shown that (depending on the attenuation used) saturation occurs at :15-20 m V output (when using the 5mV output terminals). This means that, within any one fraction we can deal with peaks of height range at least :1-300 i and by choosing suitable attenuation settings to be used for particular fractions, this provides measurements on quite a comprehensive range of SV constituents, without the need for attenuation changes during any fraction. Thus the added complexity of attenuation switming, in the data collection system and in the computer program (5) can be avoided.
COMPUTER PROGRAM DESIGN
The computer program was designed to allocate peak areas in a similar way to that which would be used by a human operator: certairi. basic assumptions were made about the mromatograms to be measured, arid rules for measurement were laid down, whim could be used in all cases. The program was then written as a series of routines, so that alterations and improvements could be made with little difficulty, when required. The program language is Fortran V, an extended version of Fortran, developed for use with the Atlas Computer (7). The chromatograms are mainly temperature programmed runs lasting :1o-2o minutes. Peak widths are normally :1o-3o secondsi in some cases up to 6o seconds. Baseline drift is present in many of the fraction mromatograms, but is not very serious, and the maximum rate of drift is thus considerably less than the lowest rate of increase of a significant peak. A significant peak was defined as one whim would clearly be visible on a normal mart recorder trace, at the attenuations used. This would include substances present to the extent of about o.2 JLg/cigarette or more, for most fractions. It was decided that the "rules" to be followed in the measurements should be in the form of program instructions operating through variable parameters, and that the parameters would be assigned by the operator, for each fraction processed. Experiments with data tapes, using different parameter values on the. same data, allowed the choice of parameters which would give the desired peak area measurements, corrected for baseline drift in a satisfactory way. These experiments showed that a single set of parameters could be used for all of the SV fractions, once the optimum values had been decided: however, the possibility of choice of parameter values makes the program more . flexible, in that . it can be "adjusted" to deal with chromatograms having different characteristics from those mentioned above. The program has four main parts: input, area measurement, internal standard correction, and outpu,t. A flow chart of the program is shown in Fig. 3· 
Input
The punched tape presented to the computer contains digital data from :15-20 fractions normally i the result of one day's GLC output. Eam set of fraction data is preceded by a set. of identification data, · punmed manually from a keyboard connected to the Addo 5·
22:1 This will include the date, fraction number and attenuation, the sample and run numbers, and the parameter values to be used by the program. The input routine reads the fraction information, and examines this to ensure that there are no obvious errors -e. g. that there are the correct number of items of information, and that each has a value within reasonable limits. If any mistake in the manual punching is discovered, an error message is printed out, and the corresponding fraction data is not processed: the program goes on to the next fraction. When the fraction information is acceptable, the digital GLC data is then read in, until a (manually punched) terminator value (99,999) is found. At this point, the data is passed to the area measurement routine.
Area Measurement
Peak areas are measured in groups, starting and ending on baseline. The chromatogram starts on baseline, by definition, and the start of the first peak is then defined .by the values of two parameters, N and 5. Peak detection occurs when N successive first differences have a total value > 5. The peak start point is taken as one data point before the first of the (N + 1.) data points involved. The baseline value before this peak is calculated as the mean of the three preceding data. points. Values of N and 5 are set, to allow easy distinction between noise, and true peaks. The maximum noise level is 3 counts (= 0.03 °/o F5D), calculated as twice the standard deviation.
Having found the first peak, the program examines the subsequent data for inflection points, using the first and second differences (8) to find peak maxima, and shoulders. A third parameter, INF, is used here to allow :u.:r.
adequate detection of shoulders, without trouble from any noise present: INF sets the absolute value, by which the second difference must change during the first, or second half· of a peak before a leading, or trailing, shoulder is detected. The end of any peak is defined as the last data point on the trailing edge, before an increase in value of the data occurs. An examination of subsequent points is made, to determine whether the peak ended on baseline, or in a valley between two peaks. The valley condition is determined by the parameters N and 5: an increase. during the five data points after peak end of more than N/5 is taken to indicate a valley. This is a less stringent condition than that for the detection of a peak, starting from baseline, and prevents small peaks on the tail ends of larger peaks from being missed. When a second baseline condition has been reached, a mean baseline value is again calculated, and the position of the line joining the two baseline points is tested, to ensure that none of the intermediate data points fall below this line. If they do, the second baleline position is moved forward to an earlier valley position where the above criterion is satisfied. This prevents errors being caused· by groups of partially resolved small peaks, which may form a "plateau" which is flat enough to resemble baseline; and also prevents incorrect (or negative) area measurements where a series of joined peaks occurs on top of a steep baseline drift. When a pair of baseline positions have been established, the area of each peak between them is calculated, by addition of the appropriate data points, and deduction of the trapezoidal baseline area beneath the peak. The area, together with retention time and other characteristics, is then stored until all calculations on the fraction have been done. The program continues from the last baseline position, repeating the above procedure for the rest of the data. This method allows quite economical use of the computer store, as the processing normally involves only a part of the data at any given time. A further advantage is that it would be possible to "switch in" other measurement routines as required, e. g. curve resolution (9, 1.0), to deal with particular parts of a chromatogram.
Internal Standard Correction
Four or five of the fractions on a normal tape will be internal standard peaks: these are trapped as the last fractions in each run on the primary column, imd ·an peak areas in the (3 or 4) fractions from the same primary run (i.e. the same injection) are corrected by the corresponding internal stan<fard peak area, and the fraction attenuation, so that all peak areas are finally expressed as ratios to the internal standard area, at constant attenuation. This allows for variations in injection size, detector sensitivity and the individual attenuations used for each fraction. Calibration standards are treated in exactly the same way. The internal standard substance is di-n-butyl phthalate, added in Output Fig. 4 shows the printout of one fraction from the computer. The times are in seconds, and the characteristics shown refer to the conditions at the start and end of each peak: B for baseline, T for trough (valley), U and D for up (leading) and down (trailing) shoulders.
A graphical output can also be obtained, by using a version of the program containing plotting instructions. Fig. 5 shows the graph plotter output corresponding to the printout in Fig. 4· The "chromatogram" is ii plot of the data points for this fraction, and it can be seen that the data resolution is quite adequate. Comparison with the original chart recorder trace shows no loss of information; in fact, the digital version reveals small 3 s 15 Time = 2.0 variations which are below the response capabilities of the chart recorder. The baselines and peak separators found by the program have also been plotted, together wi~h the peak numbers. Baseline drift has occurred to some extent, and peak areas have been corrected for this. This type of output has proved to be very useful for experimental purposes, during program development, and in finding the correct parameter values. 6 shows the yields, in !tg/cigarette, of a selection of "semi-volatile" compounds, from two different tobacco types. The cigarettes were 70 mm long, smoked to 23 mm butts, using "open" smoking. One cigarette was made from uncased Burley tobacco; the other was an English commercial blend cigarette, mainly flue-cured tobacco. The compounds have been divided into classes, with a few compounds included in each class. The hydrocarbons are dipentene (DP), styrene (ST), indene (IN) and neophytadiene (PH). In the case of neophytadiene, the calibration was done by using nonadecane, and assuming equal response factors for the two compounds (11). The main difference here between the two smokes is that the Burley has yielded more dipentene -82-t.tg/cigarette as against 56 !J.g/cigarette for the fluecured tobacco. The other hydrocarbons give fairly similar yields in each smoke. The amines are pyridine (PY), 2-picoline (2P), pyrrole (PYR), and nicotine (NIC). The nicotine values have been scaled down by a factor of 20, so that the relative yields could be included in this presentation. In each case, the Burley cigarette has yielded more of these compounds, about six times as much in the case of pyrrole; the nicotine yields were 2.6o mg/cigarette and 1..97 mg/cigarette respectively for the Burley and fluecured cigarettes. The next class, phenols, are phenol (PH), o-cresol (OC), and (m+p)-cresols (MPC). Here, in contrast to the amines, the flue-cured cigarette produced higher yields: considerably more in the case of phenol-1.77 !J.g/cigarette against 1.07 !J.g/cigarette for the Burley cigarette. The furan derivatives are furfural (F), 5-methylfurfural (5MF), acetyl furan (AF), and furfuryl alcohol (FA).
Here again, the flue-cured cigarette yields more of each compound, and the increases are quite considerableup to 8 or 9 times the amounts in the Burley smoke. The final group comprises two cyclic ketones, 2-cyclopenten-1.-one (2CP) (1.}, and a methyl derivative of this ketone, which we have tentatively identified as 3-methyl-2-cyclopenten-1.-one (3MC). The yields are qf.lite similar in the two smokes. Thus the major differences which are shown between the two cigarette smokes are that the alkaline, Burley smoke contains considerably more of the volatile amines and nicotine; the acidic, flue-cured smoke contains considerably more phenol, more of the cresols, and very much more of the furan derivatives. Some of these differences can be explained fairly readily: e. g. the furans are known to be predominant pyrolysis products of sugars, and the Burley tobacco contains virtually no sugar. Again, the volatile amines are pyrolysis products of nicotine, and with more nicotine in the Burley smoke, we can expect more of its pyrolysis products.
The following results (Figs. 7-9) all deal with the selectivity of filters. There has been some discussion about selectivity, and how it should be measured, in the last few years (1.2) ; the examples given here have been calculated according to the formula of Davis and George  (1.3) . This relates the relative yields of a reference substance and the compound to be considered, in filtered and unfiltered smoke. Davis and George used total smoke condensate as their reference, but the results presented here were calculated using neophytadiene as the reference. This seems to be more satisfactory, in as much as it is a defined compound, a high boiling point hydrocarbon, of low polarity: it would therefore, be subject to mechanical filtration only. It is present in the tobacco, and not formed by pyrolysis; and finally, the relatively large amount in cigarette smoke made it comparatively easy to measure in this work. Fig. 7 shows selectivity values (Sx), calculated in this way for two acetate filters, each 1.5 mm long, with P.D.'s of 2.6 and 5.6 cm water respectively. The filters were fitted to 55 mm U.K. blend tobacco rods, cut from 70 mm plain cigarettes, giving a total tipped cigarette length of 70 mm. The 70 Jrim untipped cigarettes were used as controls for the selectivity calculations. All cigarettes were smoked to total butt lengths of 23 mm, using the Coresta standard cycle. Sx values have been calculated for each filter, for the same compounds as in Fig. 6 , with the addition of o-xylene (XYL): neophytadiene, as the reference compound (Sx = 1..0) has been omitted. It is seen that, in general, the values are greater than 1..0, and tend to increase with increase in P.D., i.e. the acetate filter is a selective filter. In the case of the first three hydrocarbons (o-xylene, dipentene, styrene) the Sx values are just below 1..0, and decrease slightly with increased filter P.D. This is presumably because these compounds show little or no affinity for cellulose acetate, and being quite volatile compounds, their filtration is not as much affected by increase in P.D. as is that of the reference compound. The other hydrocarbon, indene, is a reactive compound, and shows a fairly strong selective effect. The volatile amines (pyridine, 2-picoline, pyrrole) all show some selective effect. This is not dependent on basicity, and the largest Sx value is given with pyrrole. Nicotine, as this is acidic smoke, shows no selective effect at all, because it will be present in. the smoke as non-volatile salts, and therefore, subject to mechanical filtration only. The phenols show selective filtration effects with acetate ·filters, as has often been reported (1.2). An increase in the selectivity values is shown with increased filter P.D. The Sx value for phenol, the most volatile of this group, is higher than those for the cresols. The furans, and the cyclic ketones, show some of the largest selectivity effects with the acetate filters, each one increasing with increase in filter P.D. These are all fairly volatile, polar compounds, some with two oxygen atoms per molecule. They are, therefore, available for selective action, and capable of forming hydrogen bonds fairly readily, which is presumably one of the main reasons for the selectivity of cellulose acetate. Fig. 8 shows, on the same scale, Sx values for the same compounds as in Fig. 7 , with two paper filters. 0t--------------------------------------- 
Each was 15 mm long, and the P.D.'s were 2.9 and 5.8 ems water, respectively. The cigarette and smoking parameters are the same as those in the previous example. 'ifhe paper filter is seen to be non-selective: many of the Sx values, especially for the higher boiling . point compounds, are close to 1.0, and the tendency is for a decrease in selectivity with increase in filter P.D. The more volatile compounds show, generally, values of less than 1.0, showing that their filtration is relatively less efficient than that of the mechanically filtered reference compound. Increase in filter P.D. makes this difference slightly greater. This result is similar to that obtained for the volatile non-polar compounds with the acetate filters, and indicates the lack of affinity of any of these volatile compounds for the paper filter. The smoke was acidic, as before, so that nicotine, present as salts, gives Sx values very close to 1.0 as in the acetate filters. The phenols show values close to 1.0, with a slight tendency to increase with increased P.D., which may indicate some small selective action.
The selectivity values, as such, do not reveal anything about the retention of the filter, and in fact, the retention per unit P.D. of the paper filter is higher than with acetate: the two paper filters in Fig. 8 had higher neophytadiene and nicotine retentions than the corresponding acetate filters of similar P.D. in Fig. 7·  Fig. 9 illustrates the use of selectivity measurements with a filter additive. This was done by preparing tipped cigarettes with two similar paper filters, each 15 mm long: one was treated with tartaric acid, the other untreated. The control in this case was the cigarette with untreated filter, so that selectivity effects This was, in fact, only a very small weight increase, because the smoke of these cigarettes contains only a few ~tg of furfural -but it is of interest, because of the possibility that the reason for this low Sx value may be that the acidity of the· filter has prevented some reaction which normally takes place with furfural in alkaline tar conditions. However, the main effect of the additive is on the amines, and the Sx values shown increase in the same order as basic strength for the volatile compounds: 2-picoline, the strongest base, having the highest Sx value.
Nicotine also shows a selective action (Sx = 1.25).
Although nicotine is a comparatively strong base, this value is lower than the others because of the much lower volatility of nicotine. In fact, however, even this relatively small value indicates the selective removal of a fairly large amount of nicotine per cigarette. The FTTD-computer system was developed to provide smoke "semi-volatiles" analyses, in considerably greater de_tail than had previously been available to us. It was decided, at the beginning of this work, that an .attempt to obtain reliable measurements on all · compounds present would involve enormous effort. The purpose has been, instead, to obtain valid Measurements of the GLC-computer system reproducibility (1) indicate that a large part of the overall variation is due to the smoke preparation process: this is currently being revised to include larger cigarette samples, and the direct injection of whole smoke solutions. 
SUMMARY
A two-stage GLC system has been developed to produce a separation of cigarette smoke "semivola tiles" into several hundred peaks per analysis. Quantitative measurements of the separated peak areas, with correction for baseline drift and an internal standard value, are made by an off-line computer, using a digital output obtained from the GLC system on punched tape. The main features of the computer program used are described, and typical output data are shown. Results of analyses dealing with cigarette smoke composition, and the selective effect of various filters, are presented. The use of neophytadiene as reference compound for the selectivity calculations is described. 
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